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(57) ABSTRACT

Particular embodiments described herein provide for an
apparatus that includes a means for determining a power state
for a device connected to a system, a means for determining
that the device should change power states, and means for
sending a signal to the device to put the device in a D3-cold
state while the system is a GO/SO state. In an embodiment,
the device is a peripheral component interconnect (PCI)
device. Also, the particular example implementation can
include means for sending a WAKE# signal from a controller
to the device to cause the device to exit the D3-cold state,
wherein the WAKE# signal was sent from a designated
WAKE# signal pin on the controller. In some embodiments,
the WAKE# signal is not sent to other devices in the system.

23 Claims, 5 Drawing Sheets

32
I_\:' ______ =
I FOWER SANAGEMENT I
12 : LOGIC : 16
1 N ) "‘
carpveaces 1 18
7 I —
-t;‘ I I
CONTROLLER 8 [ |
1 |
RESET | I
I I
30 1 |
1 I Y Aux
1 I i
I PRI e
FRIS/GRE I A | OBFFAVAKES
:'} | | EME .
24 1 ~ | RESEY POINT {14
1 I
DATA 1 | |
& — ]

28



US 9,244,521 B2

Page 2
(56) References Cited 2013/0283070 Al* 10/2013 Jaussietal. .............. 713/300
2013/0297955 Al* 11/2013 Balasubramanian et al. 713/310
U.S. PATENT DOCUMENTS 2014/0215252 Al* 7/2014 Fullerton et al. ............. 713/324
2009/0150662 Al*  6/2009 Desselleetal. ............... 713/100 FOREIGN PATENT DOCUMENTS
2012/0074793 Al* 3/2012 Tamura et al. ... 307/130
2012/0131256 Al* 5/2012 Daietal. ... ... 710/316 KR 101162156 6/2012
2012/0216055 Al* 82012 Dumasetal. ... ... 713/320 ™ 1259347 8/2006
2012/0324246 Al* 12/2012 Rahardjo et al. .. 713/300

2013/0159754 Al* 6/2013 Wendt 713/330 * cited by examiner



U.S. Patent Jan. 26, 2016 Sheet 1 of 5 US 9,244,521 B2

POWER STATE FUNCTION
D4 QPERATION
D1 DeRINED BY DEVICE
02 DEFINED BY DEVICE
D3-HOT PRIMARY POWER

RO CORE FOWER, MAY
03 - COoLD OR MAY NOT HAVE
AUXILIARY POWER

FIG. 1A

POWER STATE FUSCTION
50 WORKING
51 STOP PROCESSING
52 FROCESSING OFF
53 STANDRY
54 HIBERNATION
&5 SOFTOFF

FIG. 1B



U.S. Patent Jan. 26, 2016 Sheet 2 of 5 US 9,244,521 B2

10
32 I TeovEr 1 P
L RAANAGERMENT |
12 \‘: LOGIC :
\ 18 N $ Ve
' Cooseswakes D e 1OV
T -~ T
_ L
CUNTROLLER § power controL | 16
GENERAL PURPOSE 1iG | I -
20 ' i at
I I L_-=d
: : Y BUX
I . I |
PMEGPE | = | | OBFFAWAKES END
7 . I POINT [ 14
L™ ‘
24 | 1 ! 22
! ! DATA
L ™
» ) 28
FIG. 2
32
I_\!- ______ i |
I FOWER MANAGEMENT I ,
12 ] LOGIC ! 16
: onereaxer 1 1B >0
i L—* ~— 1
48 | |
CONTROLLER 8 [ I
I I
RESET 1 I
] I
30 1 |
I I Y aux
1 | N
FMEGRE " A | OBFEAVAKEH
[ ~_| I I
24 [ ~ | SESET POINT |~ 14
1 ]
DATA I " |
o e e e o —— — -
28



U.S. Patent

32~

US 9,244,521 B2

Jan. 26, 2016 Sheet 3 of 5
10
121 controLLER Y
FIG. 4 18-
POWER SOWER POWER POWER
| MANAGEMENT | 5., | MANAGEVENT | | MANAGEMENT |y, | MANAGEMENT .o
LOGIC LOGIC LOGIC LOGIC
22|
ENOPOINT ENDPOINT ENDPOINT | = =0 | ENDPOINT
!jl ‘«"-; ‘\‘. ““.
14a 14b 14c 144
12 0
A 18 18 4 FIG. 5
\, OSFFIWAKE
CONTROLLER e
POWER CONTROL -
34~ | | GENERAL PURPOSE 110 TR
f{ ('AJ i
20 b=
OBFFAWAKE END
SGINT |44
DATA& 22
N
28
800, T e
- 602 FlG. 6
606 j
STATUSIS | N | STATUS L STATUS IS
D3-COLD Tlo1sDo — DA-HOT
1 608

B804




US 9,244,521 B2

Sheet 4 of 5

Jan. 26, 2016

U.S. Patent

-

LA

Er7

B—‘

84l
694 .. Hoy1d prgs - 094 HAM0d
anl 4 A J
e 05/ =) 0l gel gel
LM 12208 | - L
02/ wzisvw | [urmoumen | {amowsnoa | [ o e
e o s ACH 1008 s
54 e
LOANNOOHA LN
/ oy
201 7
WEGOT OF ;
01 60.
Gl — . s
el e [ 2hovn al C NN 3DV 508
HIOGA3ME [« TE TR RIS Ty et
¢ 401 03009| | o 07 TOMINGD BHOYO 71
0LL ozan | ] — —
04 0/
o, OO 0D
WOH | 1
b L
vy L DI
@y h
004

¥



US 9,244,521 B2

Sheet 5 of 5

Jan. 26, 2016

U.S. Patent

8 OIA4

A3 018
RS
918 (AL 708
.f‘\ \., .\,
S0V MATIOMLNOD e
NOLLYIINORACD AV HSI0 (5140883000
4 '] &
4 L L 2
908 2907 I0MINOD WILSAS
FY FY Y &
L 3 4 ¥
mmm 14 74% 74 veR 208 mwm
N /
JI507 Sk wwmpww_m MOSKES
INARISNYA THYALI0S TYALAOS TOULNGD s e i
SO HonoL MOSNIS HON0L
' _ HONOL
A POHLNOT FOVHOLS AHOWIA UITICHINGS AT
INFNIOYHYA MO/ONY AMOWIR AAL5AS oL L NG
IO FULFIOANON ! \. _
E 4 4 v b
g18 018 208 708 v18
E
00R




US 9,244,521 B2

1
SUPPORTING RUNTIME D3 AND BUFFER
FLUSH AND FILL FOR A PERIPHERAL
COMPONENT INTERCONNECT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims the benefit of
priority from Indian Patent Application No. 5446/CHE/2012
filed in the Indian Patent Office on Dec. 26, 2012, and entitled
SUPPORTING RUNTIME D3 AND BUFFER FLUSHAND
FILL FOR A PERIPHERAL COMPONENT INTERCON-
NECT DEVICE, the contents of which are hereby incorpo-
rated by reference in their entirety.

TECHNICAL FIELD

Embodiments described herein generally relate to power
management requirements for an electronic device.

TECHNICAL FIELD

Embodiments described herein generally relate to provid-
ing for power savings in a processor environment.

BACKGROUND

As electronic devices become more complex and more
ubiquitous in the everyday lives of users, more and more
diverse requirements are placed upon them. For example,
many electronic devices can operate on battery power, thus
allowing users to operate these devices in many different
circumstances. In addition, as capabilities of electronic
devices become more extensive, many users may become
reliant on the enhanced performance such capabilities pro-
vide. As these aspects of electronic devices have evolved,
there has become an increasing need for power optimization
so that users may enjoy longer battery life. However, under
many circumstances, power optimization may sacrifice per-
formance. For example, it would be advantageous if certain
components of an electronic device could enter different
power states as needed. Therefore, it will be highly beneficial
for a user to be able to have the desired performance of a
specific component when needed, and to have the specific
component enter into a low power state during circumstances
where the specific component is not needed.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are illustrated by way of example and not by
way of limitation in the FIGURES of the accompanying
drawings, in which like references indicate similar elements
and in which:

FIG. 1A is a table illustrating processor power states
according to at least one example embodiment;

FIG. 1B is a table illustrating sleep power states according
to at least one example embodiment;

FIG. 2 is a simplified schematic diagram illustrating an
embodiment of an electronic device, in accordance with at
least one example embodiment of the present disclosure;

FIG. 3 is a simplified schematic diagram illustrating an
embodiment of an electronic device, in accordance with at
least one example embodiment of the present disclosure;

FIG. 4 is a simplified schematic diagram illustrating an
embodiment of an electronic device, in accordance with at
least one example embodiment of the present disclosure;
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2

FIG. 5 is a simplified schematic diagram illustrating an
embodiment of an electronic device, in accordance with at
least one example embodiment of the present disclosure;

FIG. 6 is a diagram illustrating examples of power states;

FIG. 7 is a simplified block diagram associated with an
example ARM ecosystem system on chip (SOC) of the
present disclosure; and

FIG. 8 is a simplified block diagram illustrating example
logic that may be used to execute activities associated with the
present disclosure.

The FIGURES of the drawings are not necessarily drawn to
scale or proportion, as their dimensions, arrangements, and
specifications can be varied considerably without departing
from the scope of the present disclosure.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

The following detailed description sets forth example
embodiments of apparatuses, methods, and systems relating
to providing a power savings in a processor environment.
Features such as structure(s), function(s), and/or characteris-
tic(s), for example, are described with reference to one
embodiment as a matter of convenience; various embodi-
ments may be implemented with any suitable one or more of
the described features.

The table of FIG. 1A lists device power states in descend-
ing order of performance. Device power states, for example
under the ACPI standard, may be referred to as D-level states.
Power state DO is associated with the device being fully on
and in an operating state. Power state DO may be associated
with absence of power or thermal savings, and may be
referred to as an operation mode.

Power states D1 and D2 may be associated with interme-
diate power-states whose definition varies by device. Device
power state D1 is the highest-powered device low-power
state. The power consumption in a D1 state is less than in the
DO state but greater than or equal to that in the D2 state.
Frequently, D1 is a clock-gated state in which the device
receives just enough power to preserve the device’s hardware
context. Typically, the specification for a bus or device class
that supports D1 describes this state in more detail. Regarding
the device context, generally the device context is preserved
by the hardware and need not be restored by the driver. The
specification for a bus or device class that supports D1 typi-
cally provides detailed requirements for preserving this con-
text. The device driver behavior must save and restore or
reinitialize any context lost by the hardware. Typically, how-
ever, devices lose little context upon entering this state. The
restore time (the time required to restore the device to DO
from D1) should be less than restoration from D2 to DO.
Typically, devices that use D1 do so because resuming from
this state does not require the driver to restore the device’s full
hardware context.

Power state D2 is an intermediate device low-power state
where power consumption is less than or equal to that in the
D1 state. In general, most device context is lost by the hard-
ware when in a D2 state. Frequently, the state preserves the
part of the context that is used to signal wake events. The
specification for a bus or device class that supports D2 typi-
cally provides detailed requirements for preserving this con-
text. A typical device loses most context when it enters D2
and therefore, device drivers must save and restore or reini-
tialize any context lost by the hardware. The restore time from
D2 to DO takes at least as long as restoring the device from D1
to DO. Typically, drivers that support D2 do so because their
devices cannot support a wake from D3. For these devices,
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power consumption in the D2 state drops to the lowest level
from which the device can recover in response to a wake
signal. In contrast to the D1 state, which is implemented to
reduce the delay perceived by the user, the goal in implement-
ing the D2 state is to conserve power. As a result, the restore
time from D2 to DO typically exceeds that from D1 to DO. In
the D2 state, for example, reduced power on the bus might
cause a device to turn off some of its functionality, thus
requiring additional time to restart and restore the device.
Many classes of device do not define a D2 state.

Power State D3 has the device powered off and unrespon-
sive to its bus. The D3 state may be referred to as a sleep state.
The D3 state can be further divided into two sub-states,
D3-hot and D3-cold. When a device is in a D3-hot state, the
device has auxiliary power. When the device is in a D3-cold
state, the device does not have any (or very little) power
provided. A device in D3-hot can assert power management
requests to transition to higher power states. The D3-hot and
D3-cold states are discussed in more detail below with refer-
ence to FIG. 5. It should be understood that device power
states may be further divided into sub-states that vary in
power savings and recovery latency.

Programs may communicate regarding power states by
using information indicating power state information. For
example, there may be a variable, a message parameter, and/
or the like that comprises information that indicates a power
state. In addition, there may be a variable, a message param-
eter, and/or the like, that comprises information indicating a
power state limitation. A power state limitation may be a
limitation that restricts a power state that a device is allowed
to enter. For example, a power state limitation may be a
limitation that the power state should be no greater than D2,
thus precluding power state D3. In at least one example
embodiment, the power state limitation may apply to the
ACPI standard. In such an embodiment, the power state limi-
tation may constrain D-level settings.

Even though sleep power states described herein relate to
the Advanced Control and Power Interface specification
(ACPI), it should be understood that the ACPI is merely an
example of a power management scheme that may be utilized
to manage power in a processor or a system. Therefore, direct
references to specific elements of the ACPI do not limit the
claims, unless such specific elements are expressly incorpo-
rated into the claims.

System power may be managed by placing the system,
and/or one or more parts of the system, into power states that
influence the operation of the system such that the power
consumption of the system differs across different power
states. There may be a tradeoff associated with each power
state between performance and power savings. For example,
higher power saving power states may be associated with a
longer delay in placing the system, and/or one or more parts
of'the system into a state that allows for execution of instruc-
tions.

The table of FIG. 1B lists sleep power states in descending
order of performance. System power states, under the ACPI
standard, may be referred to as S-level states. Power state SO
is associated with normal operation of the system and may be
associated with absence of power or thermal savings. Power
state SO may be referred to as a working mode. Power states
S1-54 relate to various depths of sleep-based power saving.
Power state 51 may be associated with a power saving state
for which instruction execution may restart with the lowest
recovery latency of the S1-S4 states, but with the lowest
power saving of the S1-S4 states. Power state S1 may involve
flushing processor caches, terminating processor execution,
retaining power to RAM and the processor, and reducing
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4

power to devices in the system that fail to indicate a need to
avoid reduced power. Power state S1 may be referred to as a
stop-processing mode.

Power state S2 may be associated with a power saving state
for which instruction execution may restart with a longer
recovery latency than the S1 state, but with the greater power
saving than the S1 state. Beyond the power saving actions of
S1, power state S2 may involve powering off the processor
and flushing a dirty cache to RAM. Power state S2 may be
referred to as a processing-off mode.

Power state S3 may be associated with a power saving state
for which instruction execution may restart with a longer
recovery latency than the S2 state, but with the greater power
saving than the S2 state. Beyond the power saving actions of
S2, power state S3 may involve powering off all components
except a real time clock and memory, which may operate at a
reduced power level. Power state S3 may be referred to as a
standby mode.

Power state S4 may be associated with a power saving state
for which instruction execution may restart with a longer
recovery latency than the S3 state, but with the greater power
saving than the S3 state. Beyond the power saving actions of
S3, power state S4 may involve storing volatile memory
contents to non-volatile memory and terminating power to
memory. Power state S4 may be referred to as a hibernation
mode. Power state S5 may be associated with a power saving
state that avoids saving system context information. Power
state S5 may be terminated by pressing a power button and is
often referred to as a soft-off mode. It should be understood
that power states may be further divided into sub-states that
vary in power savings and recovery latency as desired.

Programs may communicate regarding system power state
by using information indicating power state information. For
example, there may be a variable, a message parameter, and/
or the like that comprises information that indicates a power
state. In addition, there may be a variable, a message param-
eter, and/or the like, that comprises information indicating a
power state limitation. A power state limitation may be a
limitation that restricts a power state that the system is
allowed to enter. For example, a power state limitation may be
a limitation that the power state should be no greater than S2,
thus precluding power states S3, S4, and S5. In at least one
example embodiment, the power state limitation may apply to
the ACPI standard. In such an embodiment, the power state
limitation may constrain S-level settings.

FIG. 2 is a simplified schematic diagram illustrating an
embodiment of an electronic device 10, in accordance with at
least one example embodiment. Electronic device 10 includes
a controller 12, buffers 16, an endpoint 14, a switch 26, and a
power management module 32. Controller 12 may be a chip,
an expansion card, a stand-alone device that interfaces with a
peripheral device, a plug in board, a single integrated circuit
onthe motherboard, an external device, etc. End point 14 may
be a Peripheral Component Interconnect (PCI) endpoint. As
used herein, the term “PCI” is inclusive of PCI-X and PCI
Express. Power management module 32 includes an assem-
bly of electronic components and associated wiring and can
be linked with other such units to form a larger system. While
buffers 16 are shown as open-drain buffers, other circuit
solutions (digital or analog) could produce the same logical
result.

The examples of FIG. 2 are merely examples of an elec-
tronic configuration, and do not limit the scope of the claims.
For example, the number of electrical components may vary,
the placement of the electrical components may vary, and/or
the like. Also, even though system and devices described
herein relate to the PCI specification, it should be understood
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that PCI is used merely an example of one implementation.
Therefore, direct references to PCI do not limit the claims,
unless such specific elements are expressly incorporated into
the claims.

PCl is a local computer bus for attaching hardware devices
in a computer. The PCI bus supports the functions found on a
processor bus, but in a standardized format that is indepen-
dent of any particular processor. Devices connected to the bus
appear to the processor to be connected directly to the pro-
cessor bus, and are assigned addresses in the processor’s
address space. Attached devices can take the form of an
integrated circuit fitted onto the motherboard itself, called a
planar device in the PCI specification, or an expansion card
that fits into a slot. Typical PCI cards used in PCs include:
network cards, sound cards, modems, extra ports such as USB
or serial, TV tuner cards, and disk controllers.

The PCI specification includes a signal WAKE#. WAKE#
is defined in the PCI specification to be an input to a PCle
Root Complex (embodied in a CPU and chipset), and only
used while the system is sleeping (e.g., Advanced Configu-
ration and Power Interface (ACPI) states S3, S4, S5, all sub-
strates of G2, etc.). The WAKE# signal is a shared, wire-OR,
active-low, open-drain signal driven by a PCI Express end-
point to cause the system to exit an ACPI sleep state and enter
a working or active state (e.g., GO/SO).

In an embodiment, a controller optimized buffer flush and
fill (OBFF)/WAKE# signal 18 re-purposes a pin for the pre-
viously defined WAKE# signal as an output from controller
12 during S0/G0. OBFF/WAKE# signal 18 can be used as an
indicator of host power state, to align data traffic, and inter-
rupt activity with active CPU states and other devices.

When a power control general purpose /O (GP 1/O) signal
20 is active or on, OBFF/WAKE# signal 18 can allow end-
point 14 to be put into the same state (D3-cold) that it would
be in while the system is in G2, but during runtime of the
system (e.g., GO/S0). However, this could cause contention
on OBFF/WAKE# signal 18 (which is shared throughout the
platform and therefore could wake up the entire system) if an
endpoint OBFF/WAKE# signal 22 (originating from end-
point 14) was connected to the same pin on controller 12 as
OBFF/WAKE# signal 18. To solve this, OBFF/WAKE# sig-
nal 22 can be routed to an alternate input on controller 12. For
example, OBFF/WAKE# signal 22 can be treated as a power
management event (PME)/general purpose event (GPE) sig-
nal 24 by controller 12. PME/GPE signal 24 can be used to
notify the operating system of the request (i.e., OBFF/
WAKE# signal 22) from endpoint 14 to exit D3-cold and
return to DO without affecting the rest of the system.

This allows OBFF/WAKE# signal 18 from controller 12 to
endpoint 14 to putendpoint 14 in a DO after being in a D3-cold
state or a D3-hot state. Additionally, OBFF/WAKE# signal 22
from endpoint 14 to controller can be treated as PME/GPE
signal 24 when endpoint is in a D3-cold state and endpoint
wants to wake up. When endpoint 14 is in any other state other
than D3-cold, data signal 28 may be used for communications
between controller 12 and endpoint 14. For example, in
D3-hot, data signal 28 may be used when endpoint 14 wants
to enter into another state.

FIG. 3 is a simplified schematic diagram illustrating an
embodiment of an electronic device 10, in accordance with at
least one example embodiment. Electronic device 10 includes
controller 12, buffers 16, endpoint 14, switch 26, and power
management module 32.

The examples of FIG. 3 are merely examples of an elec-
tronic configuration, and do not limit the scope of the claims.
For example, the number of electrical components may vary,
the placement of the electrical components may vary, and/or
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the like. Also, even though system and devices described
herein relate to the PCI specification PCI, it should be under-
stood that PCI is used merely an example of one implemen-
tation. Therefore, direct references to PCI do not limit the
claims, unless such specific elements are expressly incorpo-
rated into the claims.

The PCI specification includes a signal PCIRST#. When a
PCIRST# signal is asserted, a device must tri-state all of its
bus outputs and float its open drain outputs. The device’s PCI
target and bus master state machines are held in their reset
state as long as the PCIRST# signal remains asserted. When
the PCIRST# signal is de-asserted, the device’s PCI target
and bus master state machines remain in an idle state until the
device is addressed in a PCI transaction.

In an embodiment, controller PCIRST# signal 30 re-pur-
poses a pin for the previously defined PCIRST# signal as an
output from controller 12 during a SO/GO state. PCIRST#
signal 30 can be used as an indicator of host power state, to
align data traffic, and interrupt activity with active CPU states
and other devices. For a device with only one power rail, one
way for the device to tell the difference between D3-hot or
D3-cold is the PCIRST# signal. PCIRST# signal 30 is an
active low signal.

When PCIRST# signal 30 is active or on, OBFF/WAKE#
signal 18 can allow endpoint 14 to be put into the same state
(D3-cold) that it would be in while the system is in G2, but
during runtime of the system (e.g., G0/S0). However, this
could cause contention on OBFF/WAKFE# signal 18 (which is
shared throughout the platform and therefore could wake up
the entire system) if an endpoint OBFF/WAKE# signal 22
(originating from endpoint 14) was connected to the same pin
on controller 12 as OBFF/WAKE# signal 18. To solve this,
OBFF/WAKE# signal 22 can be routed to an alternate input
on controller 12. For example, OBFF/WAKE# signal 22 can
be treated as PME/GPE signal 24 by controller 12. PME/GPE
signal 24 can be used to notify the operating system of the
request (i.e., OBFF/WAKE# signal 22) from endpoint 14 to
exit D3 and return to DO without affecting the rest of the
system.

This allows OBFF/WAKE# signal 18 from controller 12 to
endpoint 14 to put endpoint 14 in a DO state after being in a
D3-cold state or a D3-hot state. Additionally, OBFF/WAKE#
signal 22 from endpoint 14 to controller can be treated as
PME/GPE signal 24 when endpoint is in a D3-cold state and
endpoint wants to wake up. When endpoint 14 is in any other
state other than D3-cold, data signal 28 may be used for
communications between controller 12 and endpoint 14. For
example, in D3-hot, data signal 28 may be used when end-
point 14 wants to enter into another state.

FIG. 4 is a simplified schematic diagram illustrating an
embodiment of an electronic device 10, in accordance with at
least one example embodiment. Electronic device 10 includes
controller 12, power management module 32, and endpoints
14a-d. The examples of FIG. 4 are merely examples of an
electronic configuration, and do not limit the scope of the
claims. For example, the number of electrical components
may vary, the placement of the electrical components may
vary, and/or the like.

Using a power management module associated with an
endpoint, controller 12 can put one or more endpoints into a
reduced power state. In addition, one or more endpoints can
exit a reduced power state and enter into a working or opera-
tion state without waking up the rest of the system. For
example, controller may send a signal (using data signal 28)
to put endpoint 14 in a reduced power state (e.g., a D1, D2,
D3-hot, or D3 cold state) without affecting any of the other
endpoints. Ifendpoint 144 is in a D3-cold state and data signal



US 9,244,521 B2

7

28 is unavailable, then control 12 can send a signal (e.g.,
OBFF/WAKE# signal 18 or PCIRST# signal 30) to endpoint
14a causing endpoint 14a to exit the D3-cold state. Also, if
endpoint 14a wants to exit the D3-cold state, endpoint 14a
can send a signal (e.g., OBFF/WAKFE# signal 22) to controller
12 indicating that endpoint 14a wants to exit the D3-cold
state. The signal can be treated as PME/GPE signal such that
the entire system does not change states.

FIG. 5 is a simplified schematic diagram illustrating an
embodiment of an electronic device 10, in accordance with at
least one example embodiment. Electronic device 10 includes
controller 12, buffers 16, endpoint 14, switch 26, and control-
ler switch 34.

The examples of FIG. 5 are merely examples of an elec-
tronic configuration, and do not limit the scope of the claims.
For example, the number of electrical components may vary,
the placement of the electrical components may vary, and/or
the like. Also, even though system and devices described
herein relate to the PCI specification PCI, it should be under-
stood that the PCI is merely an example of a scheme that may
be utilized to manage power in a processor or a system.
Therefore, direct references to PCI do not limit the claims,
unless such specific elements are expressly incorporated into
the claims.

When GP 1/O signal 20 is active or on, OBFF/WAKE#
signal 18 can allow endpoint 14 to be put into the same state
(D3-cold) that it would be in while the system is in G2, but
during runtime of the system (e.g., G0/S0). However, this
could cause contention on OBFF/WAKFE# signal 18 (which is
shared throughout the platform and therefore could wake up
the entire system) if an endpoint OBFF/WAKE# signal 22
(originating from endpoint 14) was connected to the same pin
on controller 12 as OBFF/WAKE# signal 18. To solve this,
controller switch 34 can be configured to ignore or disregard
OBFF/WAKE# signal 22 if an OBFF/WAKE# signal 18 was
sent from controller.

This allows OBFF/WAKE# signal 18 from controller 12 to
endpoint 14 to put endpoint 14 in a DO or D3-hot state.
Additionally, OBFF/WAKE# signal 22 from endpoint 14 to
controller can signal when endpoint wants to wake up from a
D3-cold state. When endpoint 14 is in any other state other
than D3-cold, data signal 28 may be used for communications
between controller 12 and endpoint 14. For example, in
D3-hot, data signal 28 may be used when endpoint 14 wants
to enter into another state.

FIG. 6 is a diagram illustrating examples of power states.
The power states in example 500 include DO, D3-hot, and
D3-cold. Transition 502 illustrates a transition froma DO to a
D3-hot state. Transition 504 illustrates a transition from a
D3-hot to a D3-cold state as a data link is prepared for a low
power mode and the OBFF/WAKFE# buffers are reconfigured
with power control and/or the PCIRST# signal. Transition
506 illustrates a transition from a D3-cold to a DO state as the
power is reapplied and the PCIRST# signal (if present) is
deasserted. Transition 508 illustrates a transition from a
D3-hot to a DO state and the link is brought back to an
operation state.

Typically, a device is implicitly in the D3-hot state if the
device is explicitly in the D3 state and the system is in the SO
state. In the D3-hot state, a device is connected to a power
source (although the device might be configured to draw low
current), and the presence of the device on a bus can be
detected. A device is implicitly in the D3-cold state if it is
explicitly in the D3 state and the computer is in a low-power
Sx state (a state other than SO). In this implicit D3-cold state,
the device might receive a trickle current, but the device and
the system are effectively turned oftuntil a wake event occurs.
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A device can enter and leave the D3-cold state while the
system remains in the SO state.

The D3-hot state is the only substate of the D3 state that the
device can enter directly from a DO state. A device makes a
transition from a DO to a D3-hot state under software control
by the device driver. In a D3-hot state, the device can be
detected on the bus that it connects to. The bus must remain in
the DO state while the device is in the D3-hot state. From the
D3-hot state, the device can either return to a DO or enter a
D3-cold state. The D3-cold state can be entered only from the
D3-hot state.

The D3-cold state is a substate of the D3 state in which the
device is physically connected to the bus but the presence of
the device on the bus cannot be detected (that is, until the
device is turned on again). In a D3-cold state, the bus that the
device connects to is in a low-power state and/or the device is
in a low-power state in which the device does not respond
when the bus driver tries to detect its presence on the bus. The
transition from a D3-hot state to a D3-cold state occurs with
no device driver interaction. Instead, the device driver indi-
cates whether it is prepared for a D3-cold state transition
before it initiates the transition from a DO to a D3-hot state.
Subsequently, a transition from a D3-hot to a D3-cold state
may or may not occur, depending on whether all of the con-
ditions are right to enable the transition.

A device that is in the D3-cold state can leave this state only
by entering the DO state. There is no direct transition from a
D3-cold to a D3-hot state. When the system is in the SO state
and a device enters the D3-hot state, the device driver is
typically unable to determine in advance whether the device’s
next transition will be to a D3-cold or a DO state. The one
exception is when the system is preparing to leave the SO
state. In this case, the next transition is to a D3-cold state.

In a D3-hot state, power is mostly removed from the
device, but not from the computer as a whole. The computer,
which is in the SO state, might continue running in this state,
or it might be preparing to move from a SO state to a low-
power Sx state. Also, the device driver is solely responsible
for restoring device context. The driver must preserve and
then restore all device context or must reinitialize the device
upon transition to the DO state. In addition, the device driver
is solely responsible for restoring device context, typically
from the most recent working configuration. The total restore
time is the highest of any of the device power states, except for
the D3-cold state, but is typically not much greater than the
restore time from a D2 state. In a D3-hot state, only minimal
trickle current is available and therefore, drivers and hard-
ware must be prepared for the absence of power. The speci-
fication for a bus that supports a D3-hot state typically pro-
vides detailed requirements for power sources that can be
used in this state. To return the device to the working state, the
device’s drivers must be able to restore and reinitialize the
device without depending on the BIOS to run any code in the
option ROM that might be available for the device.

In a D3-cold state, power has been fully removed from the
device and possibly from the entire system. The device may
be able to draw current from side-band sources, depending on
its construction. The device driver is solely responsible for
restoring device context and must preserve and then restore
device context or must reinitialize the device upon transition
to the DO state. The device driver is solely responsible for
restoring device context, typically from the most recent work-
ing configuration. The total restore time is the highest of any
of'the device power states.

FIG. 7 is a simplified block diagram associated with an
example ARM ecosystem SOC 1000 of the present disclo-
sure. At least one example implementation of the present
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disclosure includes an integration of the power savings fea-
tures discussed herein and an ARM component. For example,
the example of FIG. 7 can be associated with any ARM core
(e.g., A-9, A-15, etc.). Further, the architecture can be part of
any type of tablet, smartphone (inclusive of Android™
phones, i-Phones™), i-Pad™, Google Nexus™, Microsoft
Surface™, personal computer, server, video processing com-
ponents, laptop computer (inclusive of any type of notebook),
any type of touch-enabled input device, etc.

In this example of FIG. 7, ARM ecosystem SOC 1000 may
include multiple cores 1006-1007, an [.2 cache control 1008,
a bus interface unit 1009, an 1.2 cache 1010, a graphics
processing unit (GPU) 1015, an interconnect 1010, a video
codec 1020, and a liquid crystal display (LCD) I/F 1025,
which may be associated with mobile industry processor
interface  (MIPI)/high-definition —multimedia interface
(HDMI) links that couple to an LDC.

ARM ecosystem SOC 1000 may also include a subscriber
identity module (SIM) I/F 1030, a boot read-only memory
(ROM) 1035, a synchronous dynamic random access
memory (SDRAM) controller 1040, a flash controller 1045, a
serial peripheral interface (SPI) master 1050, a suitable power
control 1055, a dynamic RAM (DRAM) 1060, and flash
1065. In addition, one or more example embodiment include
one or more communication capabilities, interfaces, and fea-
tures such as instances of Bluetooth 1070, a 3G modem 1075,
a global positioning system (GPS) 1080, and an 802.11 WiFi
1085.

In operation, the example of FIG. 7 can offer processing
capabilities, along with relatively low power consumption to
enable computing of various types (e.g., mobile computing,
high-end digital home, servers, wireless infrastructure, etc.).
In addition, such an architecture can enable any number of
software applications (e.g., Android™, Adobe® Flash®
Player, Java Platform Standard Edition (Java SE), JavaFX,
Linux, Microsoft Windows Embedded, Symbian and Ubuntu,
etc.). In at least one example embodiment, the core processor
may implement an out-of-order superscalar pipeline with a
coupled low-latency level-2 cache.

FIG. 8 is a simplified block diagram illustrating potential
electronics and logic that may be associated with any of the
power saving operations discussed herein. In at least one
example embodiment, system 1100 includes a touch control-
ler 1102, one or more processors 1104, system control logic
1106 coupled to at least one of processor(s) 1104, system
memory 1108 coupled to system control logic 1106, non-
volatile memory and/or storage device(s) 1110 coupled to
system control logic 1106, display controller 1112 coupled to
system control logic 1106, display controller 1112 coupled to
a display, power management controller 1118 coupled to
system control logic 1106, and/or communication interfaces
1120 coupled to system control logic 1106.

System control logic 1106, in at least one embodiment,
includes any suitable interface controllers to provide for any
suitable interface to at least one processor 1104 and/or to any
suitable device or component in communication with system
control logic 1106. System control logic 1106, in at least one
example embodiment, includes one or more memory control-
lers to provide an interface to system memory 1108. System
memory 1108 may be used to load and store data and/or
instructions, for example, for system 1100. System memory
1108, in at least one example embodiment, includes any
suitable volatile memory, such as suitable dynamic random
access memory (DRAM) for example. System control logic
1106, in at least one example embodiment, includes one or
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more 1/O controllers to provide an interface to a display
device, touch controller 1102, and non-volatile memory and/
or storage device(s) 1110.

Non-volatile memory and/or storage device(s) 1110 may
be used to store data and/or instructions, for example within
software 1128. Non-volatile memory and/or storage
device(s) 1110 may include any suitable non-volatile
memory, such as flash memory for example, and/or may
include any suitable non-volatile storage device(s), such as
one or more hard disc drives (HDDs), one or more compact
disc (CD) drives, and/or one or more digital versatile disc
(DVD) drives for example.

Power management controller 1118 may include power
management logic 1130 configured to control various power
management and/or power saving functions disclosed herein
or any part thereof. In at least one example embodiment,
power management controller 1118 is configured to reduce
the power consumption of components or devices of system
1100 that may either be operated at reduced power or turned
off when the electronic device is in a closed configuration. For
example, in at least one example embodiment, when the
electronic device is in a closed configuration, power manage-
ment controller 1118 performs one or more of the following:
power down the unused portion of the display and/or any
backlight associated therewith; allow one or more of proces-
sor(s) 1104 to go to a lower power state if less computing
power is required in the closed configuration; and shutdown
any devices and/or components, such as keyboard 108, that
are unused when an electronic device is in the closed configu-
ration.

Communications interface(s) 1120 may provide an inter-
face for system 1100 to communicate over one or more net-
works and/or with any other suitable device. Communica-
tions interface(s) 1120 may include any suitable hardware
and/or firmware. Communications interface(s) 1120, in at
least one example embodiment, may include, for example, a
network adapter, a wireless network adapter, a telephone
modem, and/or a wireless modem.

System control logic 1106, in at least one example embodi-
ment, includes one or more /O controllers to provide an
interface to any suitable input/output device(s) such as, for
example, an audio device to help convert sound into corre-
sponding digital signals and/or to help convert digital signals
into corresponding sound, a camera, a camcorder, a printer,
and/or a scanner.

For at least one example embodiment, at least one proces-
sor 1104 may be packaged together with logic for one or more
controllers of system control logic 1106. In at least one
example embodiment, at least one processor 1104 may be
packaged together with logic for one or more controllers of
system control logic 1106 to form a System in Package (SiP).
In at least one example embodiment, at least one processor
1104 may be integrated on the same die with logic for one or
more controllers of system control logic 1106. For at least one
example embodiment, at least one processor 1104 may be
integrated on the same die with logic for one or more control-
lers of system control logic 1106 to form a System on Chip
(SoC).

For touch control, touch controller 1102 may include touch
sensor interface circuitry 1122 and touch control logic 1124.
Touch sensor interface circuitry 1122 may be coupled to
detect touch input over a first touch surface layer and a second
touch surface layer of a display (i.e., display device 1110).
Touch sensor interface circuitry 1122 may include any suit-
able circuitry that may depend, for example, at least in part on
the touch-sensitive technology used for a touch input device.
Touch sensor interface circuitry 1122, in one embodiment,
may support any suitable multi-touch technology. Touch sen-
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sor interface circuitry 1122, in at least one embodiment,
includes any suitable circuitry to convert analog signals cor-
responding to a first touch surface layer and a second surface
layer into any suitable digital touch input data. Suitable digi-
tal touch input data for one embodiment may include, for
example, touch location or coordinate data.

Touch control logic 1124 may be coupled to help control
touch sensor interface circuitry 1122 in any suitable manner
to detect touch input over a first touch surface layer and a
second touch surface layer. Touch control logic 1124 for at
least one example embodiment may also be coupled to output
in any suitable manner digital touch input data corresponding
to touch input detected by touch sensor interface circuitry
1122. Touch control logic 1124 may be implemented using
any suitable logic, including any suitable hardware, firmware,
and/or software logic (e.g., non-transitory tangible media),
that may depend, for example, at least in part on the circuitry
used for touch sensor interface circuitry 1122. Touch control
logic 1124 for one embodiment may support any suitable
multi-touch technology.

Touch control logic 1124 may be coupled to output digital
touch input data to system control logic 1106 and/or at least
one processor 1104 for processing. At least one processor
1104 for one embodiment may execute any suitable software
to process digital touch input data output from touch control
logic 1124. Suitable software may include, for example, any
suitable driver software and/or any suitable application soft-
ware. Asillustrated in FIG. 8, system memory 1108 may store
suitable software 1126 and/or non-volatile memory and/or
storage device(s).

Note that in some example implementations, the functions
outlined herein may be implemented in conjunction with
logic that is encoded in one or more tangible, non-transitory
media (e.g., embedded logic provided in an application-spe-
cific integrated circuit (ASIC), in digital signal processor
(DSP) instructions, software [potentially inclusive of object
code and source code] to be executed by a processor, or other
similar machine, etc.). In some of these instances, memory
elements can store data used for the operations described
herein. This includes the memory elements being able to store
software, logic, code, or processor instructions that are
executed to carry out the activities described herein. A pro-
cessor can execute any type of instructions associated with
the data to achieve the operations detailed herein. In one
example, the processors could transform an element or an
article (e.g., data) from one state or thing to another state or
thing. In another example, the activities outlined herein may
be implemented with fixed logic or programmable logic (e.g.,
software/computer instructions executed by a processor) and
the elements identified herein could be some type of a pro-
grammable processor, programmable digital logic (e.g., a
field programmable gate array (FPGA), a DSP, an erasable
programmable read only memory (EPROM), electrically
erasable programmable read-only memory (EEPROM)) or an
ASIC that includes digital logic, software, code, electronic
instructions, or any suitable combination thereof.

Note that with the examples provided above, as well as
numerous other examples provided herein, interaction may
be described in terms of layers, protocols, interfaces, spaces,
and environments more generally. However, this has been
done for purposes of clarity and example only. In certain
cases, it may be easier to describe one or more of the func-
tionalities of a given set of flows by only referencing a limited
number of components. It should be appreciated that the
architectures discussed herein (and its teachings) are readily
scalable and can accommodate a large number of compo-
nents, as well as more complicated/sophisticated arrange-
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ments and configurations. Accordingly, the examples pro-
vided should not limit the scope or inhibit the broad teachings
of'the present disclosure, as potentially applied to a myriad of
other architectures.

It is also important to note that the blocks in the flow
diagrams illustrate only some of the possible signaling sce-
narios and patterns that may be executed by, or within, the
circuits discussed herein. Some of these blocks may be
deleted or removed where appropriate, or these steps may be
modified or changed considerably without departing from the
scope of teachings provided herein. In addition, a number of
these operations have been described as being executed con-
currently with, or in parallel to, one or more additional opera-
tions. However, the timing of these operations may be altered
considerably. The preceding operational flows have been
offered for purposes of example and discussion. Substantial
flexibility is provided by the present disclosure in that any
suitable arrangements, chronologies, configurations, and tim-
ing mechanisms may be provided without departing from the
teachings provided herein.

It is also imperative to note that all of the Specifications,
protocols, and relationships outlined herein (e.g., specific
commands, timing intervals, supporting ancillary compo-
nents, etc.) have only been offered for purposes of example
and teaching only. Each of these data may be varied consid-
erably without departing from the spirit of the present disclo-
sure, or the scope of the appended claims. The specifications
apply to many varying and non-limiting examples and,
accordingly, they should be construed as such. In the forego-
ing description, example embodiments have been described.
Various modifications and changes may be made to such
embodiments without departing from the scope of the
appended claims. The description and drawings are, accord-
ingly, to be regarded in an illustrative rather than a restrictive
sense.

Numerous other changes, substitutions, variations, alter-
ations, and modifications may be ascertained to one skilled in
the art and it is intended that the present disclosure encompass
all such changes, substitutions, variations, alterations, and
modifications as falling within the scope of the appended
claims. In order to assist the United States Patent and Trade-
mark Office (USPTO) and, additionally, any readers of any
patent issued on this application in interpreting the claims
appended hereto, Applicant wishes to note that the Applicant:
(a) does not intend any of the appended claims to invoke
paragraph six (6) of 35 U.S.C. section 112 as it exists on the
date of the filing hereof unless the words “means for” or “step
for” are specifically used in the particular claims; and (b) does
not intend, by any statement in the Specification, to limit this
disclosure in any way that is not otherwise reflected in the
appended claims.

EXAMPLE EMBODIMENT IMPLEMENTATIONS

One particular example implementation may include an
apparatus that includes a means for determining a power state
for a device connected to a system; means for determining
that the device should change power states; and means for
sending a signal to the device to put the device in a D3-cold
state while the system is a GO/SO state. In an embodiment,
the device is a peripheral component interconnect (PCI)
device. Also, the particular example implementation can
include means for sending a WAKE# signal from a controller
to the device to cause the device to exit the D3-cold state,
wherein the WAKE# signal was sent from a designated
WAKE# signal pin on the controller. In some embodiments,
the WAKE# signal is not sent to other devices in the system.
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What is claimed is:

1. A method for managing power and performance, com-
prising:

determining a power state for a device connected to a

system,

determining that the device should change power states;

sending a signal to the device to put the device ina D3-cold

state while the system is a GO/SO state; and

sending a WAKE# signal from the device to a controller to

cause the device to exit the D3-cold state when the
device determines that the device should change power
states, wherein the WAKFE# signal is received at a pin on
the controller that is different than a designated WAKE#
signal pin.

2. The method of claim 1, wherein the device is a peripheral
component interconnect (PCI) device.

3. The method of claim 2, further comprising:

sending a WAKE# signal from the controller to the device

to cause the device to exit the D3-cold state when the
controller determines that the device should change
power states, wherein the WAKE# signal was sent from
a designated WAKE# signal pin on the controller.

4. The method of claim 3, wherein the WAKE# signal was
not sent to other devices in the system.

5. The method of claim 2, further comprising:

sending a PCIRST# signal from the controller to the device

to cause the device to exit the D3-cold state when the
controller determines that the device should change
power states, wherein the PCIRST# signal was sent from
a designated PCIRST# signal pin on the controller.

6. The method of claim 5, wherein the PCIRST# signal was
not sent to other devices in the system.

7. The method of claim 5, further comprising:

sending a PCIRST# signal from the device, instead of the

WAKE# signal, to the controller to cause the device to
exit the D3-cold state when the device determines that
the device should change power states, wherein the
PCIRST# signal is received at a pin on the controller that
is different than a designated PCIRST# signal pin.

8. The method of claim 1, wherein a power control general
purpose input/output signal is active.

9. An apparatus comprising at least one processor and at
least one memory, the at least one memory comprising
instructions that, when executed by the processor, cause the
apparatus to:

determine a power state for a device connected to a system;

determine that the device should change power states;

send a signal to the device to put the device in a D3-cold
state while the system is a GO/SO state; and

send a WAKE# signal from the device to a controller to

cause the device to exit the D3-cold state when the
device determines that the device should change power
states, wherein the WAKFE# signal is received at a pin on
the controller that is different than a designated WAKE#
signal pin.

10. The apparatus of claim 9, wherein the device is a
peripheral component interconnect (PCI) device.

11. The apparatus of claim 10, further comprising instruc-
tions that, when executed by the processor, cause the appara-
tus to:

send a WAKE# signal from the controller to the device to

cause the device to exit the D3-cold state when the
controller determines that the device should change
power states, wherein the WAKE# signal was sent from
a designated WAKE# signal pin on the controller.

12. The apparatus of claim 11, wherein the WAKE# signal
was not sent to other devices in the system.
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13. The apparatus of claim 10, further comprising instruc-
tions that, when executed by the processor, cause the appara-
tus to:

sending a PCIRST# signal from the controller to the device

to cause the device to exit the D3-cold state when the
controller determines that the device should change
power states, wherein the PCIRST# signal was sent from
a designated PCIRST# signal pin on the controller.

14. The apparatus of claim 13, wherein the PCIRST# signal
was not sent to other devices in the system.

15. The apparatus of claim 13, further comprising instruc-
tions that, when executed by the processor, cause the appara-
tus to:

sending a PCIRST# signal from the device to the control-

ler, instead of the WAKE# signal, to cause the device to
exit the D3-cold state when the device determines that
the device should change power states, wherein the
PCIRST# signal is received at a pin on the controller that
is different than a designated PCIRST# signal pin.

16. A non-transitory computer readable medium compris-
ing instructions that, when executed by a processor, cause an
apparatus to:

determine a power state for a device connected to a system;

determine that the device should change power states; and

send a signal to the device to put the device in a D3-cold
state while the system is a GO/SO state; and

send a WAKE# signal from the device to a controller to

cause the device to exit the D3-cold state when the
device determines that the device should change power
states, wherein the WAKE# signal is received at a pin on
the controller that is different than a designated WAKE#
signal pin.

17. The computer readable medium of claim 16, wherein
the device is a peripheral component interconnect (PCI)
device.

18. The computer readable medium of claim 17, further
comprising instructions that, when executed by the processor,
cause the apparatus to:

send a WAKF# signal from the controller to the device to

cause the device to exit the D3-cold state when the
controller determines that the device should change
power states, wherein the WAKE# signal was sent from
a designated WAKE# signal pin on the controller.

19. The computer readable medium of claim 18, wherein
the WAKE# signal was not sent to other devices in the system.

20. The computer readable medium of claim 17, further
comprising instructions that, when executed by the processor,
cause the apparatus to:

sending a PCIRST# signal from the controller to the device

to cause the device to exit the D3-cold state when the
controller determines that the device should change
power states, wherein the PCIRST# signal was sent from
a designated PCIRST# signal pin on the controller.

21. The computer readable medium of claim 20, wherein
the PCIRST# signal was not sent to other devices in the
system.

22. The computer readable medium of claim 20, further
comprising instructions that, when executed by the processor,
cause the apparatus to:

sending a PCIRST# signal from the device to the control-

ler, instead of the WAKE# signal, to cause the device to
exit the D3-cold state when the device determines that
the device should change power states, wherein the
PCIRST# signal is received at a pin on the controller that
is different than a designated PCIRST# signal pin.
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23. An apparatus, comprising:

means for determining a power state for a device connected
to a system,

means for determining that the device should change
power states; 5

means for sending a signal to the device to put the device in
a D3-cold state while the system is a GO/SO state; and

means for sending a WAKE# signal from the device to a
controller to cause the device to exit the D3-cold state
when the device determined that the device should 10
change power states, wherein the WAKE# signal is
received at a pin on the controller that is different than a
designated WAKE# signal pin.
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